Vitamin A in Human Skin: II Concentrations of Carotene, Retinol and Dehydroretinol in Various Components of Normal Skin  by Vahlquist, Anders et al.
0022-202X/82/7902-0094$02.00/0 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY , 79:94-97, 1982 
Copyright © 1982 by The Williams & Wilkins Co. 
Vol. 79, No.2 
Printed ill. U.S.A. 
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Department of Dermatology, University Hospital, Uppsala, Sweden 
Pro-vitamin A (,B-carotene) and the predominant forms 
of vitamin A in human skin (retinol and dehydroretinol) 
were analyzed in hydrolyzed specimens from 4 cadavers 
and 22 healthy subjects. ,B-carotene was identified in 
extracts of epidermis by its specific absorption spectrum. 
Vitamin A was determined by high-pressure liquid chro-
matography:The concentrations were related to the wet 
weight or protein content of the sample. The analysis of 
different skin compartments showed that the concentra-
tions of the 3 constituents were usually related as fol-
lows: carotene> retinol> dehydroretinol. The concen-
trations were always higher in the epidermis than in the 
upper dermis. Skin surface lipids contained carotene and 
retinol but not in amounts sufficient to contribute to the 
higher epidermal values. Analysis of epidermal autop-
sies from 5 different skin areas (back, breast, arm, leg 
and foot) and '.)f epidermal biopsies from the back of the 
healthy subjects showed that the interindividual differ-
ences were larger for carotene and dehydroretinol than 
for retinol, whereas the intraindividual variations were 
larger for retinol. The mean (±SD) concentrations of 
carotene, retinol and dehydroretinol in back skin epider-
mis of healthy subjects were 13 ± 5, 1.7 ± 0.4 and 0.4 ± 
0.2 p.g/g protein, respectively. No significant variations 
with age and sex were found. 
Carotenoids and retinoids (vitamin A and analogs) are struc-
turally closely related but differ in their occurrence and molec-
ular functions in the tissues [1]. Beta-carotene, one of the 
predominant carotenoids, is a provitamin A that is converted 
to retinol by a series of enzymatic steps in the intestinal mucosa 
[2]. In man carotene is also absorbed unmodified and may 
discolor the integuments when ingested in excessive amounts 
[1]. Although a few earlier reports have discussed the OCCill'-
renee of carotene and vitamin A in human skin [3-6], no 
detailed information is available. In the accompanying paper 
[7] 2 major epidermal retinoids (retinol and dehydroretinol) are 
identified and a method for their quantitative analysis is de-
scribed. We have extended the analysis to carotene and in this 
paper the amounts of the three com:tituents in normal epider-
mis, dermis and subcutis are reported. 
MATERIALS AND METHODS 
Skin Specimens 
The skin surface was cleaned with Burow's solution and th in sheets 
of tissue were prepared by shave biopsy [8], i. e., cutt ing with a razor 
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blade parallel to the skin surface. The cutting was adjusted so that the 
first, superficial sample was composed of epidermis and only small 
amounts «20%) of papillary dermis (checked histologically). The sam-
ples were blotted to remove blood and then rapidly frozen on Dry Ice 
and stored in plastic capsules at -70°C. Specimens were obtained from 
several types of skin and from different skin layers as follows: (i) In 3 
healthy women full thickness breast skin was removed in connection 
with surgery. Samples of different skin layers (identified by their gross 
morphology) were prepared by consecutive cutt ings of the same area; 
(ii) in 7 healthy men and women surgical skin specimens were used to 
prepare epidermis and dermis by either heating the skin for 30 sec at 
52°C [9] or by performing 2 consecutive shave biopsies, the first of 
which is referred to as "epidermis" in the following text; (iii) in 4 
cadavers (2 of each sex; age 30-70 yr) specimens of epidermis were 
removed from 5 different regions of the skin by shave biopsy. D eath 
had occurred less than 20 hr earlier a nd was due to suicide (2 cases) 
and myocardial infarction (2 cases); (iv) In 22 healthy volunteers (11 of 
each sex; age 24-50 yr) epidermis was collected from the back by shave 
biopsy after infiltrating the skin with 2 ml of 1 % lidocaine (Xylocain). 
The biopsies were either from the shoulder or from the buttock (iden-
tical numbers of each site and similar distribution for the sexes). The 
size of the biopsies was 1.0-1.5 cm2 corresponding to a wet weight of 
approximately 10-20 mg. 
94 
Other Samples 
Lipids were collected from the skin surface by applying the open end 
of a large test tube containing 10 ml of acetone. The tube was tw-ned 
upside down and gently shaken for a few seconds thereby allowing 
contact between acetone and the skin. The sw-face extract was centri-
fuged and the supernate collected for evaporation. The lipid content of 
an adjacent area of identical size was measured by the Lipometre 
technique [10). Comedones were collec ted from the nasolabial fold by 
simple expression. Bac terial cul tul'es were obtained from the D epart-
ment of Bacteriology, University of U ppsala. Bloop serum was obtained 
from healthy volunteers (see above). 
Equipment and Reagents 
Detailed descriptions of the apparatus and the reagents are given in 
the accompanying paper [7). HPLC was performed on columns of 
Nukleosil 5 u PEA-ODS isocratically elu ted with 85% acetonitrile and 
water at a flow rate of 1.2 ml/ min. Beta-carotene was of crystalline 
purity from Sigma Chemicals Co., St. Louis (USA). Human serum 
albumin was obtained fTom Kabi AB, Stockholm (Sweden) . 
Analysis 
Specimens (5-50 mg) of skin, comedones, surface lipids, bacteria or 
serum were hydrolyzed in KOH-ethanol and extracted twice with 
hexane [7). The evaporated extract was redissolved in 0.15 ml of hexane, 
transferred to a glass-stoppered microtube and centrifuged at 4,000 rpm 
for 5 min. The clear solution was transferred to a microcuvette and the 
concentration of carotene detel'mined from the absorption value at 450 
nm using an extinction coefficient (E:~m) of 2,500 [1]. By this procedure 
the recovery of carotene exceeds 90% as detel'mined by s tandard 
additions of the pure compound. No corrections for losses are made. 
The coefficient of variation for the method is 12% (n=8) a nd the 
specificity is demonstrated by the absorption spectrum of a pooled 
sample of epidermal extracts (Fig 1). 
The solution used for the carotene analysis was again evaporated 
and prepared for HPLC in order to quantitate retinol and dehydrore-
tinol in the presence of an internal standard [7]. The concentrations 
were either expressed per unit wet weight or related to the protein 
content of the sample. For this purpose aliquots (0.05-0.2 ml) of the 
aqueous phase remaining after extraction were used for duplicate 
analyses by an ordinary biuret technique [11], using human albumin as 
standard. In a test using blood serum, it was shown that the protein 
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FIG 1. Absorption spectra of a hydrolyzed extract of 100 mg pooled 
human epidermis (full drawn line) and of a pUl"e solution of ,B-carotene 
(dashed line) . The spectra were recorded in hexane using a Cary 219 
spectrophotometer. 
values measUl"ed by the biUl"et assay ru'e the same before and after 
hydrolysis in KOH. The coefficient of vru'iation of the biuret analysis 
performed on extracted serum samples is 3% (n=12). 
Statistics 
Mean and standru'd deviations are used throughout. Statistical sig-
nificances were assessed by the Welch-test for paired srunples with 
unequal vru'iances [12]. 
RESULTS 
Carotene, Retinol and Dehydroretinol in Different Skin 
Layers 
Figure 2 is a schematic presentation of the substructure of 
human skin. The mean concentrations (ng/g wet weight) of 
carotene, retinol (AI) and dehydroretinol (A2) observed in 3 
specimens of surgically removed skin are inserted. The serum 
levels of healthy subjects are shown for comparison. The caro-
tene concentration is higher in the epidermis and subcutis than 
in dermis and serum. Retinol is distributed differently with the 
highest concentration in the subcutis and intermediate values 
in serum and epidermis. The dehydroretinol concentrations are 
lower than those for carotene and retinol; the highest value is 
in the epidermis, whereas in blood serum the concentration is 
below the detection limit of the assay. 
In 7 paired samples of isolated epidermis and upper dermis, 
the values were expressed per unit of tissue protein. The mean 
carotene concentrations were 13.2 and 2.3 Jig/g protein. The 
corresponding retinol values for epidermis and dermis were 2.2 
and 1.3 Jig and the dehydroretinol values 0.24 and 0.05 Jig/g, 
respectively. There were no obvious differences in the values 
depending on whether epidermis and dermis were separated by 
heat or carefully prepared by superficial cutting. Also, the 
epidermal concentrations were not significantly altered by 
scraping off the horny layer before analysis. 
Amounts in Skin Surface Lipids, Comedones and 
Microorganisms 
In 8 samples of skin surface lipids, only cru'otene and retinol 
were detected. The mean concentrations were 5,560 and 580 
ng/g, respectively, and the values were similal" in samples from 
the forehead and back. In 5 samples of comedones, the mean 
values were 7,780, 2,358 and 936 ng/g for carotene, retinol, and 
dehydroretinol, respectively. Since comedones are rich in mi-
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FIG 2. Schematic representation of the various skin layers including 
dermal blood vessels. The mean concentrations of ,B-cru'otene, retinol 
(A ,). and dehydroretinol (A~) in 3 samples of breast skin. The upper 
shaded area of the dermis denotes the papillru'y layer sepru'ate from 
the reticulate layer. 
croorganisms attempts were made to investigate these as a 
source of retinoids. Pure cultures of several strains of staphy-
lococci, streptococci, propionibacteria and anaerobic bacillae 
were analyzed by the same procedul"e as for the skin component. 
In a few samples (weighing about 25 mg) trace amounts of 
cru'otene and retinol were detected, but in all cases the levels 
were below 50 ng/g. No traces of dehydroretinol were observed. 
Epidermal Concentrations in Different Regions of the Shn 
Epidermis was removed from different skin regions of 4 
cadavers. Table I shows the mean concentrations of carotene, 
retinol, and dehydroretinol in these samples expressed as Jig/ g 
protein. The carotene level is significantly depressed in the foot 
sole samples but is otherwise rather constant. The retinol levels 
vary from one region to the other; the highest mean value is in 
samples from the chest region and the lowest in samples from 
the foot sole. In back skin epidermis, the value is intermediate 
to that of other ru·eas. The dehydroretinol concentration is 
similar in all the investigated regions including the foot sole. 
Concentrations in Back Skin Epidermis of Healthy Subjects 
In Fig 3, the distributions of the individual values observed 
in shave biopsies of 22 healthy subjects are shown. The values 
of carotene and retinol are approximately normally distributed. 
The slight skew in the distribution of the dehydroretinal values 
was not abolished by logarithmic transformation. In Table II, 
the mean concentrations of carotene, retinol and dehydroretinol 
are depicted for both sexes separately and combined. Alterna-
tively, the mean values (third column) may be given as 1650, 
220 and 44 ng/g wet weight of epidermis. There were no 
significant differences between the sexes and no apparent 
changes of the values in relation to the age of the subjects or 
the site of the back skin biopsy (shoulder or buttock). 
DISCUSSION 
To the best of our knowledge, only 2 reports from other 
laboratories on the quantitative determination of vitamin A in 
normal skin have appeared. Some 30 yr ago, an approximate 
value of 1.3 IU (=390 ng) of vitamin A/g wet weight was 
suggested for whole skin using the Carr-Price technique [4]. 
Although no details of the procedure were given, this figme is 
rather close to the epidermal retinol concentration found by us 
(Fig 2). In a more recent study, Findlay and van del' Mel've 
report much lower values ranging from 1.4 to 24 ng/g of epi-
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TABLE 1. Epidermal concentration (mean and SD) in different shin regions of four cadavers 
Chest Back Lower arm Thigh Foot sole 
(f'g/g protein) 
Carotene 10.1 (3.9) 10.7 (3.3) 10.9 (3.0) 9.6 (1(0.5)0) 
R . I (A ) 1. 75 (0.32) 1.24 (0.31) 0.84 (0.20)" 1.25.5 
DethIndr° 't' I (A ) 022 (0 10) 0.22 (0.06) 0.23 (0.07) 0.23 (0.11) 
5.8 (0.8) ' 
0.06 (0.03)'" 
0.28 (0.16) e yore InO 2 • . 
Statistical significances of difference versus chest values: p < 0.05 (' ), p < 0.01 (" ), and p < 0.001 ("' ). 
DISTRIBUTION OF EPIDERMAL VALUES 
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FIG 3. Histograms showing the distribution of the e~idermal con-
centrations in 22 healthy subjects (note that the basehne-scales are 
different for the:; compounds). 
dermis [5]. They used a modified technique for vitamin A 
analysis of uncertain specificity and without corrections for 
incomplete recovery. In these older reports, neither carotene 
nor dehydroretinol were studied. Retrospectively, it is likely 
that dehydroretinol contributed to the reported skin retinol 
values since the two compounds are not separated by the 
methods used. 
High-pressure liquid chromatography (HPLC) separates .the 
various retinoids and is useful for the determination of retmol 
and dehydroretinol in extracts of hydrolyzed skin [7,13]. It must 
be emphasized that in viable skin, these retinoids do not always 
occur as free alcohols but are present as esters of fatty acids 
[7]. Carotene occurs in higher concentration and has a more 
specific absorption spectrum than the retinoids thus faciljta~ing 
analysis (Fig 1). Carotene can also be analyzed by HPLC [14] 
although this is difficult if retinol and dehydroretinol are to be 
simultaneously monitored. Clearly, HPLC will improve the 
specificity of the\carot~ne analysis of skin and might also lead 
to the identification of other carotenoids. 
In hydrolyzed specimens of normal epidermis, we found a 
molar ratio between carotene, retinol and dehydl'oretinol of 
approximately 25:5:1. The ratio is different in other layers of 
the skin (Fig 2). For all 3 compounds the concentrations are 
higher in the epidermis than in upper dermis and this was most 
striking for carotene and dehydroretinol. A carefully performed 
epidermal shave biopsy will include only traces of upper dermis, 
but, with larger dermal contamination, the values especially of 
carotene and dehydroretinol will be underestimated unless the 
sample is separated before analysis. Another factor that might 
influence the epidermal values is the occurrence of carotenoids 
and retinoids in the skin surface lipids derived from sebum and 
corneocytes. Although earlier investigators were unable to find 
these compounds in the surface lipids [15,16], we were able to 
demonstrate both carotene and retinol using more sensitive 
techniques. Assuming a lipid concentration of about 0.5 mg/ 
cm2 skin area [10] the amounts of carotene and retinol in the 
thin film of lipids are less than 1/10 that of the underlying 
epidermis. Furthermore, this contribution.is likely to be reduced 
when the skin is cleaned prior to shave bIOpsy. 
Comedones (mixture of sebum lipids, microorganisms and 
epidermal cell debris) contain comparatively high amounts of 
TABLE II. Epidermal concentrations (mean and SD) in bach shin of 
healthy students 
Females Males Both sexes (n= l1) (n=11) (n=22) 
("gig protein) 
Carotene 13.0 (4.7) 13.5 (6.3) 13.2 (5.3) 
Retinol (A,) 1.64 (0.33) 1.83 (0.46) 1.73 (0.42) 
Dehydroretinol (A2) 0.35 (0.26) 0.34 (0.19) 0.35 (0.22) 
carotene and the two retinoids. Carotene and retinol are prob-
ably supplied mainly by the lipids (see above) whereas dehy-
droretinol, which is not present in skin surface lipids or in 
bacteria, is more likely to be derived from the cellular constit-
uents of the comedones. 
The lack of dehydroretinol in blood and in surface lipids and 
the unequal distribution of retinol and dehydroretinol in differ-
ent regions of the integument (Table I), in different layers of 
the skin (Fig 2) and in various human skin lesions [13,17,18] are 
intriguing. The results suggest that th: sources of the 2retin?ids 
differ and that the mechanisms by whIch they reach the varIOUS 
skin components also differ. We favor the hypothesis that 
dehydroretinol (or its congener in unhydrolyzed skin) is formed 
within the skin rather than being transported to the tissue. The 
possibility that dehydroretinol is actually an epidermal metab-
olite of retinol is presently being investigated. 
Retinol, which is supplied as such from the blood (Fig 2), 
exhibits a concentration gradient at the dermal/epidermal junc-
tion that is consistent with an active uptake of the vitamin by 
the epidermis [19]. However, Greenberg, Cornbleet, and De-
morsky have proposed that epidermal vitamin A is supplied by 
reabsorption of sebum carotenoids excreted at the skin surface 
[20]. One alternative need not exclude the other. 
The higher values of retinol in the deep layers of dermis 
compared to papillary dermis needs further investigation. We 
cannot exclude the possibility that numerous sebaceous glands 
were present in the samples leading to an increase in the 
vitamin A content of the deeper dermis samples. An alternative 
explanation is that dermal retinol is partially derived from the 
adjacent subcutis which contains 10-20 times more of the 
vitamin than both skin and blood. It is conceivable that the 
adipocytes provide local (extrahepatic) storage of vitamin A 
similar perhaps to that noted in specialized adrenal cells [21]. 
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Characterization of Biochemical Properties of Melanosomes for 
Structural and Functional Differentiation: Analysis of the Compositions 
of Lipids and Proteins in Melanosomes and Their Subfractions 
MIHOKO JIMBOW, M.D., HIDEO KANOH, M.D. , PH.D., AND KOWICHI JIMBOW, M.D. , PH.D. 
Departments of Dermatology (MJ, KJ) and Biochemistry (HK), Sapporo Teishin Hospital (MJ) and Sapporo Medical College, 
Sapporo, Japan 
Two types ofmelanosomes were isolated from B16 and 
Harding Passey (HP) mou'se melanomas to elucidate 
whether there are any features of melanosomal lipids 
and proteins related to the differences in morphology of 
melanosomes and in the biological activities of mela-
noma cells. Biochemical analyses were made to clarify 
(a) the lipid components of the 2 melanosomes and (b) 
the lipid and polypeptide compositions of their subfrac-
tions, i.e., the outer surface and inner core, resolved by 
a detergent, Brij-35, separately. We found (a) that the 
lipid contents in B16 melanosomes were much higher 
than those in HP, (b) that the B16 and HP melanosomes 
could be fractionated into a phospholipid-rich outer sur-
face 'and phospholipid-poor core, (c) that both outer sur-
face and core subfractions of HP were distinct from the 
corresponding subfractions of B16 with respect to phos-
pholipid contents, (d) that the outer surface of B16 and 
HP revealed a polypeptide composition similar to each 
other, although the protein contents of the outer surface 
were much lower than those of core and (e) that the total 
melanosomes showed a marked difference in polypep-
tides between B16 and HP. In addition, both B16 and HP 
melanosomes revealed the alteration of lipid composi-
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tions, e.g., fatty acid acyl chain, similar to that observed 
during malignant transformation. There was not, how-
ever, any significant difference in acyl compositions be-
tween B16 and HP. It is likely that melanosomal lipid 
and protein not only affect the different morphogenesis 
of melanosomes but also reflect the different biological 
activities of whole cells, and that lipids, primarily located 
in the outer surface, regulate the functional aspects of 
melanosome development whereas the melanosomal 
proteins, primarily constituting the core, control the 
structural differentiation of melanosomes. 
In malignant melanoma, 2 types of morphologically distinct 
melanosomes are formed, i.e., (a) ellipsoidal-lamellar melano-
somes ofBI6 type, which are also seen in normal skin and black 
hair, and (b) spherical-granular melanosomes of Harding Passey 
(HP) type seen also in normal yellow and red hair. In both 
types of melanosomes, the earliest form (stage I) is identical 
under electron microscopy. From stage II to IV, they reveal 
characteristic ultrastructme by three dimensional assembly and 
organization of structural components. A switch from BI6 to 
HP type melanosomes or vice versa can occm in a melanocyte 
under such conditions as natural hair growth in mice (1,2], after 
exposure to ultraviolet (UV) light [3] and topical application of 
chemicals [4], and in human malignant melanoma [5]. 
In the preceding studies [6,7], we have partially characterized 
tyrosinase and the cored matrix proteins of BI6 and HP mela-
nosomes to investigate to what extent the structmal compo-
nents are attributable to the morphogenesis of melanosomes. 
We found that the physico-chemical and immunological prop-
erties of tyrosinase were identical. However, the polypeptide 
compositions of the cored matrix fractions were quite different 
between BI6 and HP, apparently representing the structmal 
uniqueness of melanosomes and also, biological difference of 
the two melanomas. 
